This half-day tutorial provides a comprehensive introduction to web stream processing, including the fundamental stream reasoning concepts, as well as an introduction to practical implementations and how to use them in concrete web applications. To this extent, we intend to (1) survey existing research outcomes from Stream Reasoning / RDF Stream Processing that arise in querying, reasoning on and learning from a variety of highly dynamic data, (2) introduce deductive and inductive stream reasoning techniques as powerful tools to use when addressing a data-centric problem characterized both by variety and velocity, (3) present a relevant use-case, which requires to address data velocity and variety simultaneously on the web, and guide the participants in developing a web stream processing application.
of the modern infrastructure. From new opportunities arise new challenges. A common problem in scenarios involving data streams on the web is how data can be integrated to enable the creation of new knowledge, either top-down (using symbolic deductive reasoning) or bottom-up (using machine learning or inductive reasoning). Reasoning techniques are a possible solution to help with this integration. However, while modern deductive reasoners scale up in the static domain of ontological knowledge and machine learning techniques can learn from stationary data streams, inductive and deductive reasoning upon rapidly changing information has received attention only in the last decade [7] . Dealing with streams with concept drift, is nowadays considered one of the main challenges in machine learning, and more specifically, how to address it using accurate methods, as ensemble classifiers [8, 9] . The combination of reasoning techniques with data streams has given rise to the new research area of Stream Reasoning, i.e., reasoning on highly dynamic flows of information [4] . Stream Reasoning research area that has started to produce influential results relevant to both the Semantic Web [11] and stream processing communities [5] .
Topic and Relevance: The goals of the tutorial are to (i) provide fundamental notions of processing streams on the web, (ii) offer an overview of current challenges and state of the art, (iii) describe the process of publication and description of data streams on the web, (iv) showcase different techniques and technologies for processing web streams (both in terms of machine learning and in terms of querying and deductive reasoning), and (v) outline the process of developing and deploying web-stream processing applications.
The contents of this tutorial is highly relevant for WWW 2019 attendees, as it focuses on practical aspects of developing and deploying applications that publish, produce, and process streaming (or rapidly changing) structured data. Web Stream processing technologies are now mature and reliable enough to build a tutorial with a stronger focus on hands-on sessions.
Interaction Style. This is a half-day tutorial that alternates lectures, demos, and hands-on sections. In particular, the tutorial offers to the audience:
• Lectures providing an overview of the use-cases and scenarios where web stream processing provides valuable advantages; • demos about a subset of these technologies to reason over dynamic data, with techniques and tools developed by several research groups; • practical experience through hands-on sessions were the audience can interact with existing tools (including but not limited to presenters' ones).
Audience. The tutorial targets researchers, knowledge workers, and practitioners interested in approaching the topic of web stream processing (both querying and reasoning) and who want to understand the current state-of-the-art as well as the future directions. The technologies and topics on this tutorial are relevant for people from IoT and sensor communities, as well as social media, pervasive health, oil industry, etc., who have to analyze in real-time massive amounts of streaming data.
DURATION & PROGRAM
This half-day tutorial aims at introducing different existing approaches for querying, analyzing, and reasoning over web streams.
It also provides guidelines to developing and deploying Stream Reasoning applications. In the following, we provide a detailed program with the duration. Notably, we kept 1 hour as buffer. This tutorial differs from these previous events in that it emphasizes on the use of well known data-science tools such as research notebooks, and an enhanced experience for the data scientist, while using underlying stream reasoners, RSP engines, and tools for streaming machine learning. Links to previous tutorials and their complete slide sets are available in the hyperlinks above, and at http://streamreasoning.org/events.
TUTORIAL MATERIAL & EQUIPMENT
We provide links to teaching material, including slides and hands-on resources in Section 2, alongside with the tentative program.
Material and slides will be adapted for this tutorial by our organizing committee. Moreover, all the exercises make use of Jupyter Notebooks, which allows us to provide the infrastructure necessary for the tutorial exercises, while hiding some of the underlying complexities for the users. Jupyter Notebooks is one of the most popular tools for data science in both academia and industry and the winner of 2017 ACM Software System Award 5 Docker 6 images and a virtual machine will be provided for download before the tutorial day, to avoid configuration issues and to simplify deployment and execution of the exercises. 
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